The conductance fluctuations of a metallic wire which is interrupted by a small tunnel junction has been explored experimentally. In this system, the bias voltage V , which drops almost completely inside the tunnel barrier, is used to probe the energy dependence of conductance fluctuations due to disorder in the wire. We find that the variance of the fluctuations is directly proportional to V . The experimental data are consistently described by a theoretical model with two phenomenological parameters: the phase breaking time at low temperatures and the diffusion coefficient.
Mesoscopic quantum interference phenomena in metallic wires, like weak localization and universal conductance fluctuations, are manifestations of the wave nature of electrons which are robust to microscopic disorder [1, 2] . Changing the microscopic disorder of a mesoscopic metallic wire results in a change of the conductance of the order of the universal value e 2 /h. Experimentally one generally measures the conductance fluctuations resulting from a change in the magnetic field, rather than from a change in the microscopic disorder. A large collection of experimental data from metallic to poorly conducting systems convincingly confirms the universal nature of the conductance fluctuations [3] . Although the influence of microscopic disorder is well understood, much less is known of the influence of the electron energy on the conductance fluctuations. In conventional experiments [3] on metallic wires it is very difficult to change the energy of the electrons in a controlled way. However when the wire is interrupted by a tunnel junction it is possible to systematically examine the conductance fluctuations as a function of electron energy. The bias voltage over the wire drops almost completely inside the tunnel barrier, because the resistance of the tunnel junction is much larger than the resistance of the wire. The junction serves then as an injector of electrons in a specific energy range which can be tuned by the bias voltage. In this Letter we report on measurements of the conductance fluctuations in a metallic wire interrupted by a tunnel junction. We explored the dependence of the variance of the fluctuations on the bias voltage, magnetic field and temperature. In particular we measured autocorrelation functions to determine the correlation field and correlation voltage. We compare the full set of experimental data directly to theoretical predictions [4] .
The fluctuations of the differential conductance across the wire+junction are due to interference of electron waves that return to the tunnel barrier after tunneling. In Fig. 1a such a trajectory is depicted. When an electron tunnels through the junction at point a it diffuses through the right electrode and returns after numerous scatter events at point b.
After tunneling to the left electrode at b it diffuses back to point a. The dashed line in (Fig. 1a) , where D is the diffusion coefficient. The finite dephasing time τ ϕ results in an energy broadening of γ =h/τ ϕ . The normalized variance of the conductance fluctuations is given by [4] :
where ∆ L and ∆ R are the typical level spacing in the left and right electrode respectively and G T is the tunneling conductance. The angle brackets denote an average over impurity configurations. The former equation can be rewritten in terms of the quantum conductance
and the effective resistances R ϕ L and R ϕ R of the left and right lead [7] :
The resistances R This is very difficult in a single metallic wire. Even though the resistances of the leads are typically 10 4 times smaller than the tunnel resistance, the fluctuations due to the leads can be of the order of 1% of the total resistance. This phenomenon totally contradicts classical addition formulas for resistances and is a pure quantum interference effect. In order to accurately measure the conductance fluctuations the single junction has to be surrounded by a well defined low impedance environment. In this case the zero-bias anomaly is almost suppressed [9] and the fluctuations can be measured on a well characterized background.
The sample was fabricated using electron beam lithography and a multilayer process [8] .
A schematic layout of the sample is shown in Fig. 1b The measurements were performed in a dilution refrigerator. The measurement leads were filtered by means of RC and copper powder microwave filters at the temperature of the mixing chamber. At room temperature the leads were additionally filtered by feedthrough Π-filters. The sample was mounted in a microwave tight 'box-in-a-box' construction at the temperature of the mixing chamber.
The differential conductance G of the tunnel junction was measured with a lock-in technique. In Fig. 2a and 2b G is plotted as a function of the bias voltage V . In Fig. 2c G is shown versus the magnetic field B. Note that B is large enough to drive the aluminium into the normal state. The conductance fluctuations both as a function of V and B are reproduced when the experiment is repeated. The raw-data differential conductance has a small minimum at zero voltage bias (not shown in Fig. 2a ). This zero-bias anomaly is due to inelastic tunnel events [9] . In our sample this zero-bias anomaly is controlled by the low impedance environment resistor R S . To eliminate the effect of the zero-bias anomaly from the conductance fluctuations, we subtracted from the raw-data differential conductance a term proportional to V R S G Q /π . The result is shown in Fig. 2a and 2b . The conductance fluctuations grow with increasing bias voltage. Changing the magnetic field is similar to changing the impurity configuration in the leads (ergodic hypothesis). By sweeping B we get an effective ensemble average. We measured the variance δG 2 using a data set of 5000 points, in which G is measured from 0.2 T to 1.7 T at a fixed bias voltage V . In Fig. 3 δG   2 normalized to the square of the tunnel conductance G T is shown as a function of V at different temperatures. For V < 0.8 mV the normalized variance is directly proportional to V as predicted by (2) . At larger V a saturation is observed probably due to out of equilibrium effects. In the inset of Fig. 3 the temperature dependence at V = 0.8 mV is depicted.
The trajectory of a diffusing electron which returns to the tunnel barrier encloses, assuming Brownian motion, a typical area
L ϕ W , where W denotes the electrode width (Fig. 1a) . When the magnetic field perpendicular to the electrode plane is changed by plotted. This correlation function is calculated using 3000 data points from V = −0.8 mV to V = 0.8 mV. We eliminated the effect of the zero-bias anomaly as described before. The full expression for the correlation functions is given by:
Here ν L and ν R are the density of states at the Fermi level in the left and right electrodes.
The classical probability function P L,R cl (t) expresses the chance that an electron that leaves the barrier on the left or right side returns to the barrier in a time t. Assuming one- The times τ ϕ and τ B describe the loss of coherence due to inelastic processes and due to the magnetic field respectively. The dephasing time due to the magnetic field is given by
. The factor 2 in the exponent of equation (3) is due to the fact that both the left and right electrode contribute a term e −t/τϕ to the integral. Another mechanism which provides a long-time cut-off is the finite instrumental resolution of the lock-in. The amplitude of the modulation voltage V m of the lock-in was 3 µV . In equation 
